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Abstract 


To understand the quality attributes and acceptability of yogurt, three different 
varieties of Musa sapentum (Paranta, Saro and Williams) were used to partially 
fortified yogurt. Each of the banana fruit was added at different proportion (10%, 
15% and 20%) to produce the yogurts. The products were analyzed for proximate, 
Volume 4, Issue 2, April 2022 pH, brix, titratable acidity (TA), vitamin C and total phenol. Other parameters 
Receied = 18 August 2074 such as sensory properties and microbial loads were also determined. The results 
: showed that protein values were between (2.9%-3.92%).The sample with 10% 
Accepted : 19 February 2022 Paranta has the highest protein content (3.93%) which was found to be 5.76% and 
Published : 05 April 2022 36.59% higher than control and sample with 10% Saro which had the least protein 
doi: 10.33472/A FJBS.4.2.2022.96-105 | respectively. The energy content was found to be between (194.03 kcal/ 100 g to 
207.06 k cal/ 100 g). The sample fortified with 10%Paranta has highest energy 
value (207.06 kcal/ 100 g) which was (0.94%) and (4%) higher than control 
and sample with 10% Saro which had least energy content (194.03 kcal/ 100 g). 
Vitamin C ranged between (20.6 mg/ 100 g to 21.6 mg/ 100 g). The sample with 
10% Paranta had the highest vitamin C concentration (21.6 mg/ 100 g), although 
not significantly different at (p <0.05) compared with other samples. The total 
microbial count (TMC) was between (0.4>10° to 0.810* cfu/ ml). There was no 
coliform detected in the entire samples. All microbial count observed were within 
the limit specified as acceptable counts, hence the samples were fit and safe for 

human consumption at the time the microbial count was done. 


Article Info 





Keywords: Y oghurt, banana fruits, functional food, lactic acid 


©2022 Owolade, S.O. et al.. Thisisan open access article under the CC BY license 

(https: / creativecommons.org/ licenses/ by/ 4.0/ ), which permits unrestricted use, distribution, 
and reproduction in any medium, provided you give appropriate credit to the original author(s) 
and thesource, provide alink to theCreative Commonslicense, and indicate if changes weremade. 





* Corresponding author: Owolade, S.O., National Horticultural Research Institute, Product Development Programme, P.M .B. 5432, Idi- 
Ishin, Jericho GRA, Ibadan, Oyo State, Nigeria. obfem@yahoo.com 


2663-2187/ © 2022 Owolade, S.O. & al. This is an open access article distributed under the Creative Commons Attribution License, which 
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cted. 


Owolade S.0. et al. / Afr.J.Bio.Sc. 4(1) (2022) 96-105 Page 97 of 105 


1. Introduction 


Yogurtis oneofthemost popular dairy products loved and consumed by different categories of agegroup in 
many parts of the world essentially due to its nutritional importance (Shi e& al., 2017; and Zhi et al., 2018). 
Yogurt is usually madethrough fermentation of fresh, whole or skimmed milk by the activities of bacterial 
starter cultures (Faladeet al., 2014; and M uniandy et al., 2016). It has been found to provideadditional health 
benefits over its main ingredient which is milk. Theconversion of milk to yoghurt through lactic add fermentation 
improves the bioavailability of nutrients such as vitamin B-,,, protein as well as dietary minerals (Gray, 2007; 
Dello Staffolo & .al 2017; and Tomicé al., 2017). Thelive bacteriain yogurt could act as probiotic, contributing 
to microbial balance in the host’s gastrointestinal tract which is capable of providing crucial health benefits 
when it is consumed in sufficient quantity (Melissa and André, 2017). Theregular consumption of yoghurt 
with live cultures (probiotics) is believed to be effectivein reducing serum cholesterol levels, improves lactose 
digestion in case of lactose intolerance, prevention of gut infections, inflammation, diarrhea and colon cancer 
(Muniandy ée al., 2016). 


Theuse of different fruits to enrich yogurt has been found to improvenutritional and sensory properties 
(Cakmakci et al., 2012). Fruits such as strawberry, apple, watermelon, mango, and grape arerich sources of 
vitamins, mineral, fibers and anti-oxidants, which could beincorporated in the making of yogurt to increase 
their nutrients and nutritional benefits (Vahedi et al, 2008; and Erdogan and Zekai 2003). It also has the 
potential to boost their market distribution due to increasing demand for functional food products rich in 
essential nutrients and bioactive compounds with strong biological activities which in fact are available in 
fruits (Hati et al. 2013). 


Banana fruits are among the most important food cropsin the world. However, despitethe fact that millions 
of peoplearound theworld depend on bananaas a source of food and income, asignificant amount are lost to 
poor post-harvest management, thus, the need to find moreof its alternative uses. Bananaisideal food source 
to provide vitality; it has natural sugars as well as fiber. Children may consumeit as pureeor as fruit yoghurt 
to stimulate their intellectual coefficient due to its high content of potassium and magnesium (Shiby é al., 
2013). Banana is called the health fruit as it contains vitamins C, D and E, which are powerful antioxidant 
factors. It also has #-caroteneand vitamin A, and itis ideal for the aged for improved and glowing skin (Kumar 
and Bhowmik, 2012). The ydlow pulp of bananas is arichin provitaminA and other carotenoids. Carotenoid- 
rich foods could protect against heart disease, and certain cancers, which areserious emerging problems of 
large proportion in most developing countries. Thereis paucity in research works on inclusion of banana to 
develop fruit based yogurt as it is evident in scarce availability of itin our local stores and super markets. Some 
people still don’t have yogurt compelling to drink despite its numerous nutritional benefits. Enriching it 
further and adding flavor to its taste with addition of banana may influencemore peoplefinding it attractive 
to consume. This study is aimed at developing fruit enriched yogurts using three different varieties of banana 
at different proportion and evaluates their properties. 


2. Material and methods 


2.1. Collection of materials 


Threevarieties of fully matured banana fruits namely Paranta, Saro, and Williams wereobtained from N ational 
Horticultural Research Institute (NIH ORT) experimental fidd. A Dano powder milk, sugar and starter culture 
was purchased from store. 


2.2. Yogurt preparation 


Theyogurt was prepared based on the method as described by Bertolino et al. (2015). About 20% powder milk 
was reconstituted by dissolving 200g of milk in 1 liter of water (200 9/ L).Theslurry of thethree varieties of 
banana was prepared by blending the banana pulp thoroughly in electrical blender until smooth slurry was 
obtained which wereadded to constant quantity of pasteurized milk at different concentration (10%, 15% and 
20%) respectively. Themixtures were allowed to boil (pasteurization 85°C for 15min), and thereafter allowed 
to cool to temperature (42-43°C). It was inoculated with starter culture (Streptococcus thermophiles and 
Lactobacillusdelbruckii subspecies Bulgaricus) and incubated for 9h. The process was stopped by cooling 
down in abath of ice water and subsequently packaged in sterilized plastic bottles for analysis. 
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Table 1: The summary of the yogurt formulations partially fortified w with different variety of banana 




















Samples Composition 

Ax 10% Paranta + pasteurized milk 
Ais 15% Paranta + pasteurized milk 
Ax 20% Paranta + pasteurized milk 
Bo 10% Saro + pasteurized milk 
B,. 15% Saro + pasteurized milk 

















Bo 20% Saro + pasteurized milk 
Cy, 10% Williams + pasteurized milk 
C,. 15% Williams + pasteurized milk 
Ci. 20% Williams + pasteurized milk 
D Control + pasteurized milk 
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Figure 1: Flow chart showing the production of yogurt 








2.3. Analysis 


2.3.1. D termination of proximateproperties of the yoghurt samples 


Moisture, fat and ash content were determined using AOAC methods (AOAC, 2005). The protein content 
was determined by Kjeldahl method (N x 6.25). Total carbohydrate was calculated by difference as 
Carbohydrate =100 - (M oisture+A sh +Fat +Protein). 
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The energy valuein kilocalorie(Kcal) was calculated using a converting factor thus 
Energy (kcal) =[protein x4] +[CHO x4] +[fat>9]. 


2.3.2. Determination of ,H and TSS (% brix) values 


Thephysical properties of yoghurt likepH, and TSS (Y%brix) weredetermined. ThepH analysis was carried out 
usingapH meter (H annaH I 8314, Hannalinc., Italy) and refractometer was used for total solublesolid (Ybrix). 


2.3.3. Determination of Vitamin C 
Vitamin C was determined through titration method using 2, 6-dichlorophenol-indophenol (Ranganna, 1986); 


2.3.4. D kermination of total phenols 


Phenolic compounds weredetermined using themethod described by Gulcin, (2012) with some modifications. 
Briefly, 1 mL of aqueous extract of yogurt, obtained as described above, was added to 1 mL of Folin Ciocalteau 
reagent diluted 1:2 with water. After 3 min, 2 mL of 10% Na,CO, was added and thesamples wereincubated 
for 15 min at room temperature. At the end of this step, the absorbance was measured at 750 nm. A calibration 
curve was performed with gallic acid and the results were expressed as micrograms of gallic acid equivalents 
per 100 mL of sample (GAE). 


2.4. D etermination of sensory Properties 


Theproduct samples were evaluated by 17 panelists randomly selected from staff of N ational H orticultural 
Research Institute (N 1H ORT) Ibadan, using seven-point hedonic scalewhere 7 represent like very much and 
1dislikevery much. The panels wereserved coded samples to scorethesamples for color, taste, and aroma and 
overall- acceptability. 


2.5. Determination of microbial loads 


Microbiological tests on yoghurt products were conducted to ascertain their suitability or otherwisefor human 
consumption after production. The coliform test on yoghurt was doneby sample cultured on mediumVRBA 
and counted after incubation during 48h in 37°C. For mold and yeast tests, therewas preparation of dilution 
(0.1 and 0.001) of yoghurt samples which werethen cultured on PDA medium and counting weredone after 
incubation for 72 hin 22°C. 


2.6. Statistical analysis 


Thedata obtained from threereplications were analyzed as using the general linear mode! procedure of the 
SPSS statistical package program (SPSS, Inc., Chicago, IL). Duncan’s multiple rangetest was used to measure 
thesignificant difference between means (p <0.05). 


3. Results and discussion 


The proximate composition of yogurt samples partially fortified with three varieties of banana at different 
proportion (10%, 15% and 20%) revealed that protein content ranged between (2.93%-3.92%). The samples 
partially fortified with 10% paranta gave the highest protein content (3.92%). The protein in this sample with 
10% paranta inclusion was (5.76%) and (36.59%) higher than the control and sample B,, which has the least 
protein respectively as presented in (Table 2). The energy content was between (194.031 kcal-207.06 kcal/ 100 
g). Theresults showed that yogurt samples incorporated with 10% paranta was with highest energy value 
(207.06 kcal/ 100 g) which was (0.94%) and (4%) higher than control and sample B,, respectively which had 
least energy content. The addition of fruits to yogurt could play a range of modifications on its nutrient 
compositions, theincreasein protein content of sample partially fortified with 10% over control and B,, may be 
dueto addition of banana fruit and quality of protein in paranta variety. An improvementin crude protein was 
observed also by Othman ét al. (2019) in yogurt enriched with papaya. Proteins areessential nutrientsin diet 
for human body, they arefundamental structural and functional dement with every cells of body and involve 
in range of metabolic activities (Khan & al., 2017). According to FAO/ WHO (2007), adequate dietary proteinis 
essential during human growth when new tissue proteins are being formed. Deficiency in protein in essence 
could precipitate multiples of clinical syndromes such as low serum cells, impaired anti-oxidative reactions, 
growth stunting in young children and poor cognitive development (Wolfe, 2012; and Phillips et al., 2015). 
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Table 2: Proximate composition of partially fortified yogurt with different variety of banana 



































Moisture% Protein% Fat% Ash% Fiber% CHO% Energy(kcal/100 g) 
hee 44.32+0.09 | 3.9240.018 0.5340.10' | 4.25+0.15% | 0.5040.00° | 46.79-+0.01¢ 207.06+0.122 
Ais 45.25+0.01' 3.85+0.01° 0.61+0.01° 4.60+0.01? | 0.55+0.12? | 46.24+0.10° 205.73+0.10%¢ 
Ae 47.20+0.01% | 3.7540.30% | 0.59+0.01¢ | 4.3140.01" | 0.40+0.01¢ | 43.43+0.019 205.92+40.01 
Bio 46.4440.024 | 2.8740.01! 0.64+0.01" | 4.2140.014 | 0.5040.01° | 45.31+0.05¢ 194.03+40.01) 
Bis 40.54+0.00' | 2.944001) 0.45-+40.029 | 4.1040.01¢ | 0.4940.01¢ | 47.90+0.01° 205.92 40.02 
Bo 45.87+0.01° | 2.93+0.01" 0.55+0.01' 4.07+0.02% | 0.3840.019 | 47.16-+0.02° 203.17+0.00° 
om 47.25+0.01? | 3.63+0.01¢ 0.45+0.019 | 3.304001) | 0.35+40.06" | 44.95-+0.02° 198.85-+0.00' 
Cr 40.28+0.02! 3.56+0.01' 0.67+0.01 3.41+0.05' 0.45+0.01° | 50.45+0.01 196.31+0.01"' 
Cs 47.07+0.01¢ | 3.1840.019 | 0.5940.01% | 3.4440.01" | 0.35+0.01" | 45.1040.01¢ 198.22+40.32%% 
D A4.01+0.01" | 3.7240.01°¢ | 0.53+0.01f | 4.0040.059 | 0.35-+0.10" | 47.1740.01> 205.10+0.10°¢ 














Note: A,, = 10% Paranta, A ,, = 15% Paranta, A, = 20% Paranta, B,, = 10% Saro, B,, = 15% Saro, B,, = 20% Saro, C,, = 10% 
Williams, C,, = 15% Williams, C,, = 10% Williams, D = Control. 
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Figure 2: The physico-chemical properties of partially fortified yogurt with variety of banana 








Note: A, = 10% Paranta, A ,, = 15% Paranta, A, = 20% Paranta, B,, = 10% Saro, B,, = 15% Saro, B,, = 20% Saro, C,, =10% 
Williams, C,, = 15% Williams, C,, = 10% Williams, D = Control. 
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For daily energy requirement of a person whichis averagely put at about (1,800 kcal) according to (FAO, 
2014). Partial fortification of yogurt with 10% paranta could serveas energy drink that can contribute to daily 
energy requirement of man. 


The °Brix, pH TTA, vitamin C and total phenol of the partially fortified yogurt with three varieties of 
banana are represented in Figure 2. The °brix value was between (11.2%-17.9%), ,H (4.20-4.40), TTA (0.10- 
0.40), Vitamin C (20.6-21.8mg/ 100g), and total (9.8-12.9mg/ 100g). 


The brix level showed that samples partially fortified with 10% paranta had highest brix value which is 
(5.0%) and (37.4%) higher than control and B,, which had the lowest brix level. The highest pH value (4.49) 
was observed with thesamples partially fortified with 10% paranta which although not significantly different 
from control (4.30) and other samples at (p<0.05). These values were within the expected PH valueof yogurt 
products. The values weresimilar to PH values of watermeion incorporated yoghurt as reported by (Roy et al., 
2015) and enriched Probiotic yogurt incorporated with banana, papaya and sapota (Meenakshi et al., 2018). 
Brix level primarily represents a measure of sugar in a given sampleand to large extent determines the degree 
of sweetness. It was observed from this study that samplewith highest °brix level (17.9%) was most preferred 
by consumers. 


Thevaluefor vitamin C was between (20.6 mg/ 100g-21.8mg/ 100g). Thesamplewith 10% paranta has the 
highest vitamin C concentration (21.8 mg/ 100g). This is (0.9%) and (5%) higher than control and B,..has the 
least vitamin C content. Vitamin C whichis also known as ascorbic acid, is an essential dietary nutrient for a 
variety of biological functions, itis fundamental in the biosynthesis of collagen in bones, cartilage, muscle, and 
blood vessels, it aidsin absorption of iron. Vitamin C isa potent freeradical scavenger in the plasma, protecting 
cells against oxidative damage. It has a strong antioxidant property attributed to its ability to reducepotentially 
damaging free radicals (Grosso é& al., 2013). The daily recommended allowancefor vitamin C is 90mg/ day for 
adult maleand 75 mq/ day for women (Zieve, 2009). Sufficient consumption of yogurt partially fortified with 
fruits can contributeto daily vitamin C requirement. 


Thetotal phenol content was between (9.8-12.93 mg/ 100g). The yoghurt with 10% paranta has the highest 
phenol (12.93 mg/ 100 g). This value is (14.1%) and (24.2%) higher than control and B,, which has the least 
phenol content. Phenols are the major group of dietary components in fruit and vegetables (Sergent ¢ al., 
2012). They arelinked to divers of health benefits, likevitamin C, phenols arestrong bioactive compound that 
complement functions of antioxidant vitamins and enzymes and defend the body against oxidative stress 
caused by excess reactive oxygen species of free radicals (Chandrasekara and Shahidi, 2010). Due to their 
potent antioxidant properties, plant phenols have scientifically proven to prevent various oxidative stress- 
related as well as chronic diseases, such as cancer, cardiovascular and neurodegenerative diseases (Dai and 
Mumper, 2010). 


Thesensory parameters which include color, taste, consistency, mouth-feel and overall-acceptability of 
yoghurt partially fortified with three different bananas varieties is summarized in (Figure3). Theseven-point 
(7) hedonic scale was used for ranking. The result from ranking showed that score for taste evaluation was 
between (3.1-5.8). Thesamplewith 10% paranta had the highest preference (5.8). This scorewas 34% and 87% 
preferred to control and C,. which gave the least taste score (3.1). This sensory assessment indicated that 
samples with partially fortified with 10% paranta had the highest overall acceptability scoreof (6.1) among the 
samples. The overall acceptability of sample with 10% paranta was found to be 48% more acceptable than 
control sample which had over actability ranking score (4.1) out of 7. 


Theresults of microbial load counts are presented in (Table 3). The microbial test was done to ascertain 
the suitability or otherwise of the products for human consumption. All counts are recorded as number of 
microbial colonies formed per 1 ml (cfu/ ml) of sample. TheTotal Microbial Count (TM C) was between (0.4<10° 
cfu/ ml to 0.8x10*cfu/ ml), total fungi count (TCF) was (0.2x10*cfu/ ml to 0.610°cfu/ ml) and there was no 
coliform detected. Thesample with 10% had (0.510) TM C which is significantly lower (p <0.05) than control 
(0.810*) and sampleC,, which has the highest (0.6x10°). All counts recorded arewithin the limits of specified 
acceptable counts; hence, thesamples aresafe for consumption at the period when analysis was conducted. 
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Figure 3: Sensory properties of partially fortified yogurt with variety banana 





Note: A, = 10% Paranta, A ,, = 15% Paranta, A, = 20% Paranta, B,, = 10% Saro, B,, = 15% Saro, B,, = 20% Saro, C,, = 10% 
Williams, C,, = 15% Williams, C,, = 10% Williams, D = Control. 
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Table 3: Microbial load of yogurt partially fortified with different variety of banana 
































Samples Total microbial count (cfu/ml) Total fungal count (cfu/ml) Total coliform count (cfu/ml) 
Aro 0.5x10* 0.3X10* No growth detected 
Aus 0.5x10* 0.2X10% No growth detected 
Ax 0.5x10* 0.2X10*9 No growth detected 
Bio 0.4x10°° 0.4x10°¢ No growth detected 
Bs 0.5x10* 0.4X10* No growth detected 
Boo 0.5xX10° 0.4x10°¢ No growth detected 
Cry 0.6X10°2 0.3X10°4 No growth detected 
Ge 0.5x10* 0.4x10* No growth detected 
C5, 0.610% 0.5X10°° No growth detected 
D 0.8x10*4 0.6X10°2 No growth detected 














Note: Each count is recorded as the total number of microbial colonies formed per 1 ml of yogurt sample (cfu/ ml); 
A= 10% Paranta, A ,, = 15% Paranta, A,, = 20% Paranta, B,, = 10% Saro, B,, = 15% Saro, B,, = 20% Saro, C,, = 10% 
Williams, C,, = 15% Williams, C,, = 10% Williams, D = Control. 








4. Conclusion 


Theresults of this study showed, itis possibleto fortified yogurt with these banana varieties (paranta, saro 
and Williams) to enhancenutritional profile, customer appeal and promote varieties. The (10%) fortification 
with paranta gave best result with respect to improvement in protein, energy content, vitamin C and overall 
sensory acceptability. Theinclusion of bananain yogurt production is a potential and viable option at reducing 
post harvest losses of banana fruits. 
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